Activities of malate dehydrogenase (MDH) and aspartate aminotransferase in the malate-aspartate shuttle were significantly increased in the cytosolic fractions of livers with early neoplastic symptoms such as swelling and discoloration in transgenic mice carrying the prototype human c-Ha-ras gene, Tg-rasH2 mice, which were administered with diethylnitrosamine (DEN) as a carcinogenic chemical at a dose of 200 mg/kg body weight. Cytosolic MDH/LDH (lactate dehydrogenase) (ML) ratio increased significantly and w as considered to be a useful marker to characterize the energy metabolism at early neoplastic stage in livers of the Tg-rasH2 mice. KEY WORDS: aspartate aminotransferase, malate dehydrogenase, transgenic mouse.
A transgenic mouse strain carrying human prototype c-Ha ras gene, Tg-rasH2 mice, was established by Saitoh et al. [20] . These mice show high and rapid susceptibility to various carcinogens and are considered to be promising as an animal model for an alternative rapid carcinogenicity test [25] . Spontaneous hepatocellular carcinomas, forestomach papillomas, skin papillomas and lymphomas were observed in 20 to 30% of Tg-rasH2 mice by 82 weeks and these incidences were increased by treatments of some kinds of carcinogens including N,N'-diethylnitrosamine (DEN) known as Salmonella mutagenesis assay-positive trans-species carcinogen [24] . The major target organs of DEN are the liver, lung, forestomach and hematopoietic system [12] . In our previous reports, Tg-rasH2 mice were characterized by stable activities of some enzymes related to drug detoxication and energy metabolism in their livers and kidneys compared to those in the non-transgenic control [18] . On the other hand, it has been reported that activities of enzymes in the glycolysis and the pentose phosphate pathway are significantly increased in developed tumor cells [1, 7, 17] . Activities and mRNA expression of malate dehydrogenase (MDH) in the malate-aspartate shuttle are significantly induced in the early stage of testicular tumor of dogs [3] . In the present study, activities of several enzymes related to energy metabolism were measured in livers of the Tg-rasH2 mice treated with DEN to investigate availability of certain enzymes as a diagnostic marker for energy metabolism at the early stage in tumor cells.
F1 hybrids of a transgenic male C57BL/6J, Tg-rasH2, mice and normal female BALB/cByJ mice were used. The F1 offsprings were screened by polymerase chain reaction (PCR), and divided into transgenic (-/Tg) and non-transgenic mice (-/-). Six-week-old male transgenic mice, which showed high expression of ras gene, were used in the present study. Their mean (± SD) body weights were 16.8 (± 0.4) g. Mice were housed in an air-conditioned room (23 ± 2°C, 55 ± 10%) with a light period of 12 hr. Food and water were available ad libitum. All procedures involving laboratory animals were performed in accordance with the care and use guidelines of the Central Institute of Experimental Animals (Kawasaki, Japan). Male Tg-rasH2 mice divided into two groups containing of 10 mice each. One group (DEN-treated) was given intraperitoneally N,N'diethylnitrosamine (DEN) ( SIGMA, St. Louis, MO, U.S.A.) dissolved in phosphate buffered saline (PBS) at a dose of 200 mg/kg body weight. The second group (control) was given PBS at 0.1 ml/10 g body weight intraperitoneally as vehicle treated control. Animals were weighed and sacrificed by cervical section under ether euthanasia, 4 weeks after the DEN administration. Blood was withdrawn into heparinized tube from the jugular vein of the animal. Plasma was obtained by centrifugation at 4°C. Plasma glucose concentrations were measured by the glucose-oxidase method [11] and plasma free fatty acids (FFA) concentrations were measured by a commercial kit, NEFA-C test Wako (Wako Pure Chemical Industries, Tokyo, Japan). The livers were removed immediately from the sacrificed animals and homogenized with 4 volumes of STE solution (0.25 mol/l sucrose, 10 mmol/l Tris-HCl, pH 7.5, 2 mmol/l ethyleneglycol tetraacetic acid) in a Potter glass homogenizer. Cytosolic and mitochondrial fractions were isolated from the above homogenates by the method described previously [2] .
The enzyme activities were measured by the previous reported methods: lactate dehydrogenase (LDH) [14] , glutamate dehydrogenase (GLDH) [21] , hexokinase (HK) and glucokinase (GLK) [23] , glucose-6-phosphate dehydrogenase (G6PD) [4] , glycerol kinase (GK) [15] , malate dehydrogenase (MDH) [5] , aspartate aminotransferase (AST) [19] , and alanine aminotransferase (ALT) [10] . LDH was used as the marker enzyme in the cytosolic fractions, and GLDH as the marker enzyme in the mitochondrial fractions. MDH and AST were the pivotal enzymes in the malateaspartate shuttle. HK and GLK were the rate-limiting enzymes in the glycolysis and G6PD was the rate-limiting enzyme in the pentose phosphate pathway. GK and ALT were used as crucial enzyme in the glycerol utilization and transamination, respectively. All enzymatic analyses were conducted at 24 to 26°C. The enzyme activities were expressed as nmol of substrate degraded per min per mg of protein. Protein concentrations were measured by the method of Bradford [6] with bovine serum albumin as the standard. Cytosolic MDH/LDH activity ratio (ML ratio) was also calculated as MDH specific activity divided by LDH specific activity.
Total RNA was extracted from mouse liver using a commercial RNA isolation kit, RNeasy Mini Kit (QIAGEN, Hilden, Germany). Reverse transcriptase polymerase chain reaction (RT-PCR) was used to detect the conserved region of the cytosolic MDH mRNA, positioned at 283-715 base pairs of the cDNA sequence of mouse liver MDH (GenBank accession no. NM008618) [13] . Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) mRNA was used as a control for the PCR technique. The RT-PCR of MDH and GAPDH was carried out using the previously reported method [24] and the PCR product after 35 cycles using a DNA thermal cycler (Perkin Elmer, Norwalk, CT, U.S.A.) was electrophoresed in 2% agarose gels and visualized by ethidium bromide staining.
All values are expressed as the mean ± SD and the difference between means were analyzed by Student's t-test.
Swelling and discoloration were decided as the early neoplastic symptoms in livers of Tg-rasH2 mice at necropsy. Five mice of the DEN treated group and 2 mice of the control group showed these symptoms in their livers. DEN treated mice were further divided into 2 groups, DEN-I (n=5) with swelling and discoloration and DEN-II (n=5) without these symptoms. Eight mice, which did not show the above swelling and discoloration after PBS administration, were used as the controls. There were no significant differences in body weights, plasma glucose and FFA concentrations between these three groups, respectively (Table  1) . Hepatic enzyme activities in mice are shown in Table 2 . There were no significant differences for cytosolic HK, GLK, G6PD, GK, ALT, LDH and mitochondrial GLDH, AST, MDH activities between the groups. Activities of AST and MDH and ML ratio in the cytosolic fractions increased significantly in the DEN-I group compared to those in the others. In the livers of two mice with the above early neoplastic symptoms after PBS administration, the mean MDH and AST activities were 4,125 and 1,004 nmol/ min per mg of protein, respectively. The mean ML ratio in these two mice was 3.50. These values were considerably higher than the control values. When the amplification of the cytoslic MDH cDNA (with a predicted size of 433 base pairs) by RT-PCR was analyzed, the cytosolic MDH fragment was detected as clear band with almost same staining strength to the fragment of glyceraldehyde-3-phosphate dehydrogenase (GAPDH) (450 base pairs) used as internal standard in the PCR products of livers of mice with 4,284 and 4,090 nmol/min per mg protein of MDH activities in the DEN-I group, respectively (Fig. 1, lane 2 and 3) . Whereas, the staining strength of MDH fragment of the liver from a control mouse with 2,634 nmol/min per mg protein as MDH activities was weaker than those in the DEN-I group (Fig. 1,  lane 1) .
Single administration of DEN induced neoplastic changes in livers of 50% of Tg-rasH2 mice until 4 weeks after the administration. However, the neoplastic change was not so severe considering the symptoms such as swelling and discoloration, and was considered to be the early stage of tumor. In such early neoplastic stage, only cytosolic activities of MDH and AST in the malate-aspartate shuttle were increased remarkably. Since MDH is a rate limiting enzyme for the malate-aspartate shuttle [16] , the increased activities of MDH will result in the production of more ATP in the mitochondria. Increasing in MDH activities is induced by some kinds of factors such as excess of glucose utilization [8] and intensive training [2] in animal tissues. Although activities of enzymes in glycolysis and pentose phosphate pathway were significantly increased in well developed tumor cells [1, 7] , these enzymes activities were not so high at the early neoplastic stage [3] . MDH and AST may be one of important factors to lead the cytosolic energy metabolism to more ATP production before activation of glycolysis and pentose phosphate pathway at the early stage of tumor. It has been reported that cells transfected with activated ras oncogene showed the increased rate of glucose uptake and utilization [9] . The activated c-Ha-ras transformed NIH/3T3 cell line shows significantly higher activities of enzymes related to energy metabolism than untransformed cell line [22] . As cells with ras overexpression show various changes in energy metabolism as mentioned above, effect of overexpression of ras oncogene on activation of the malate-aspartate shuttle should be further studied in livers of Tg-rasH2 mice. Moreover, metabolic change for longer duration over 4 weeks and relationship between cytosolic and mitochondrial enzymes activities changes should be further studied in Tg-rasH2 mice administrated with DEN. On the other hand, the ML ratio is considered to be a good indicator to evaluate energy metabolism in animal tissues, and the increased ML ratio appears to reflect elevated metabolic conditions which need more ATP production. The ML ratio is also considered to be a useful diagnostic marker to evaluate energy metabolism in early neoplastic stage in livers of Tg-rasH2 mice. Fig. 1 . Analysis of cytosolic malate dehydrogenase mRNA with RT-PCR in livers of Tg-rasH2 mice treated with DEN. Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) mRNA was determined as a control for the PCR technique. mRNA of MDH and GAPDH were amplified in different tubes each other. PCR products were stained with ethidium bromide. Lane 1, control mouse; lane 2 and 3; DEN -I group mice.
